It is unclear when the initial colonization by periodontal pathogens occurs in the oral cavity. Therefore, we report here the association between specific age groups and the time when the initial colonization by periodontal pathogens occurs in the oral cavity in such groups. Findings are based on an epidemiological analysis of the prevalence of five periodontal pathogens in the oral cavities of a wide range of age populations, from newborn to elderly, who were randomly selected in a geographic region of Brazil. These periodontal pathogens include Campylobacter rectus, Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Prevotella intermedia, and Tannerella forsythia and were analyzed in the bacterial samples isolated from gingival sulcus, the dorsum of the tongue, and cheek mucosa of diverse age groups, using a bacterial DNA-specific PCR method. Results indicated that there are distinct age-related groups where initial colonization by the five periodontal pathogens examined in this study can be detected and that the presence of teeth is a permissive factor for colonization by P. gingivalis, P. intermedia, and T. forsythia. Although it remains unclear exactly how or when target pathogens colonize healthy subjects, an understanding of age-related groups does provide a potentially useful tool in the early detection and prevention of periodontitis in healthy individuals.
Recent studies demonstrated that not only are periodontal pathogens, such as Porphyromonas gingivalis, Prevotella intermedia, and Tannerella forsythia, present in the subgingival pockets of periodontally diseased patients but they also colonize other oral sites, including, for example, the supragingival plaques of the same patients. This indicates that these gramnegative anaerobic bacteria are also present in an aerobic atmosphere (23) . In addition, these pathogens were found in both sub-and supragingival plaques of periodontally healthy subjects (25) . These findings imply that colonization by these pathogens may occur (i) in the aerobic environment of periodontally healthy subjects and (ii) in the oral cavity of healthy subjects as commensal bacteria. However, when commensal bacteria convert to a pathogenic state, a further significant implication is that such conversion may be causal for the onset of periodontal disease (10) .
Based on the findings noted above, a novel, although still hypothetical, paradigm is emerging to explain the properties of bacteria associated with periodontal disease. These bacterial pathogens, including Porphyromonas gingivalis, Prevotella intermedia, and Tannerella forsythia, are opportunistic pathogens and, therefore, do not follow Koch's postulates (29) . Opportunistic pathogens are infectious agents that usually do not induce disease in a healthy host, but they can affect people with a poorly functioning or suppressed immune defense system. Under these conditions, it would be useful to gain (i) an understanding of when initial colonization by these periodontal pathogens occurs in the oral cavity of healthy subjects and (ii) an ability to establish such colonization in site-specific tissue. This would lead to the development of relevant information for the development of diagnostic and prevention strategies for periodontal disease, even though the mechanisms underlying the onset and progression of periodontal disease remain unclear. Streptococcus mutans is a causal microorganism for dental caries, and it occurs in the oral cavity of infants aged between 3 and 24 months (21) . As such, S. mutans provides a classic example illustrating a temporal gate for colonization by a bacterium, since it has been reported that early colonization by S. mutans occurs in approximately 80% of infants. To date, however, it has been unclear whether such age-related groups for the initial colonization by periodontal pathogens exist. Furthermore, it has not yet been reported what, if any, site-specific tissues may be associated with such initial colonization.
To address these questions, the present study conducted an epidemiological analysis of the prevalence of periodontal pathogens in the oral cavities of a wide range of age populations from newborn to elderly who were randomly selected in a geographic region of Brazil. In particular, study parameters dictated that the randomly selected subject population should have an incidence of periodontal diseases proportional to the whole population in the region. Since some anaerobic pathogens may require a deep (pathogenic) periodontal sulcus (Ͼ3 mm) for their initial colonization, both healthy and periodontally diseased subjects were recruited in this study. More specifically, the five species of periodontal pathogens, Campylobacter rectus, P. gingivalis, Aggregatibacter actinomycetemcomitans, P. intermedia, and T. forsythia, were screened from the bacteria sampled from subgingival sulcus, cheek mucosa, and the dorsum of the tongue by a bacterium-specific DNA sequence method using PCR. The overall aim of this study was to elucidate the age ranges when initial colonization by periodontal pathogens occurs in the oral cavity.
MATERIALS AND METHODS
Human subjects. Participants included in the present epidemiological study were recruited from the region of Vale do Paraíba, São Paulo, Brazil. The eligible sample population was recruited from a total of 1,839 subjects who visited the Department of Dentistry, University of Taubaté, from August 2004 to July 2006. After screening for the exclusion criteria, which are described below, 330 Brazilian subjects representing multiple ethnic groups were finally recruited for the study. These subjects were allocated among seven different generational groups, as follows: (A) newborns with no teeth, (B) children aged 2.5 to 5 years, (C) children aged 6 to 12 years, (D) adolescents aged 13 to 18 years, (E) adults aged 19 to 44 years, (F) elderly over 55 years of age with teeth, and (G) elderly over 55 years with no teeth. A summary of the human subject data, including the number in each age-generational group, age range, and number of males and females, as well as smoking habits, is shown in Table 1 .
Data and personal information related to medical and dental histories of the subjects were obtained from responses by individuals or their parents to our questionnaire. Either subjects themselves, or their legal guardians, signed an informed consent form, which was previously approved by the Institutional Committee on Research Involving Human Subjects of the University of Taubaté (protocol 362/03).
Exclusion criteria for subject recruitment. Subjects presenting any of the following conditions were excluded from the study: (i) antibiotic prophylaxis for dental treatment, (ii) uncontrolled systemic diseases, (iii) immunological compromise, and (iv) pregnancy or women currently breast-feeding. Also excluded were subjects (i) who were wearing orthodontic devices, (ii) who had been undergoing periodontal treatment 12 months before the beginning of the study or had been taking antibiotics within 6 months prior to the clinical and microbial examination, or (iii) whose first and second molars or mesial and lateral incisors were missing or who had fewer than three molars or only one incisor remaining. As discussed in "Human subjects," the age limit for the older subjects was not specifically set in this study; rather, both elderly subjects over 55 years with teeth (F) and those without teeth (G) were included.
Clinical measurements and diagnosis. One trained and certified examiner conducted all clinical measurements and collected the microbial samples. The calibration protocol for the optimization of intraexaminer difference followed methods similar to those published by Araujo et al. (2) . Baseline data analysis was performed to determine if the intraexaminer reliability was calibrated. Using kappa statistics (K) for the categorical clinical measurement variables, such as periodontal probing depth (PPD) and clinical attachment level (CAL), the standard error of these measurements was monitored. The examiner's clinical measurement technique was considered calibrated if the standard error for the measurements was Յ0.8 and a K value ranged between 0.8 and 0.95. The reproducibility of the intraexaminer measurements was recalculated every 6 months.
The periodontal examinations were performed to determine periodontal status of all subjects with teeth. Subject groups representing individuals older than 2.5 years (i.e., those subjects in groups B, C, D, E, and F, as noted above) received radiographic examination to evaluate the presence of periodontal bone resorption. More specifically, a bite-wing X-ray examination was conducted for groups B and C, whereas a periapical radiograph was taken from groups D, E, and F. However, for subjects in group A, newborns (0 to 4 months old), and group G, elderly over 55 years of age with no teeth, only visual clinical examination was conducted without X-ray examination. For children from 6 to 12 years of age (group C), the clinical examination included plaque index (28) and gingival index (22) . For adolescents from 13 to 18 years of age (group D) and adults and elderly with teeth (groups E and F), we performed plaque and gingival index measurements, radiographic examinations, and complete periodontal screening, including PPD and CAL measured in six sites per tooth, using a manual periodontal probe (PCPUNC15BR; Hu-Friedy).
A diagnosis of periodontal condition followed the criteria defined by Tanner et al. (31) .
Participants in group B were all diagnosed as periodontally healthy subjects because they showed no evidence of periodontal bone resorption (as evaluated by bite-wing X ray) and showed no clinical signs of periodontal inflammation upon visual examination. All participants in group C were also considered periodontally healthy based on the lack of periodontal bone resorption and a gingival index of less than 1. For groups D, E, and F, healthy participants had a mean periodontal attachment level of Ͻ1.5 mm and no sites with Ͼ2-mm attachment loss. For early periodontitis 1 (EP1), patients in these groups also had a mean periodontal attachment level of Ͻ1.5 mm but at least one site with 2-mm attachment loss. For EP2, patients had Ͼ1.5-mm to Ͻ2.0-mm mean periodontal attachment loss. In addition, the subjects either who were healthy or who did not fit Tanner's criteria were classified according to the mean of attachment loss: chronic periodontitis 1 (CP1; CAL of Ͼ2 mm and Ͻ3 mm), CP2 (CAL of Ն3 mm and Ͻ5 mm), and CP3 (CAL of Ն5 mm).
Sampling of microorganisms. A pooled subgingival sample was collected from each subject with teeth (153 subjects) from the mesiobuccal aspect of all first molars (n ϭ 4 molars/subject) and mesial incisors (n ϭ 2 incisors/subject, right maxillary or left mandibular) using sterile paper points inserted to the depth of the gingival sulcus after removal of supragingival plaque using sterile curettes. For subjects missing those teeth (first molars and mesial incisors), microbial samples were obtained from second molars and/or lateral incisors (see also "Exclusion criteria for subject recruitment"). After being placed in the sulcus for 60 seconds, paper points were removed and immediately transferred into a microtube containing reduced Ringer's solution (Oxoid Ltd., Basingstoke, Hampshire, United Kingdom). In addition, microbial samples taken from the left side of the cheek and the dorsum of the tongue were obtained from all subjects included in the present study. These samples were taken from areas of approximately 1 cm 2 , using a swab with reduced Ringer's solution, rotated six times. Each swab was transferred into a microtube also containing reduced Ringer's solution (1 ml).
Bacterium-specific PCR. The bacterial cells in the microtube were dispersed using a vortex mixer at maximal setting for 1 min and then maintained at Ϫ80°C until laboratory processing. The presence of C. rectus, P. gingivalis, A. actinomycetemcomitans, P. intermedia, and T. forsythia was determined by PCR, as described below.
In the Laboratory of Molecular Biology at the University of Taubaté (Sao Paulo State, Brazil), the bacterial suspensions were thawed and centrifuged at 12,000 ϫ g for 3 min, and the DNA was extracted from the bacterial pellet using a DNA isolation kit, following the manufacturer's instructions (InstaGene purification matrix; Bio-Rad Laboratories, Hercules, CA). Briefly, 5 l of the sample DNA was added to 45 l of reaction mixture containing 5 l of 10ϫ PCR buffer (Promega, Madison, WI), 1.25 units of Taq DNA polymerase (Promega), and 0.2 mM of deoxyribonucleotide mixture (Pharmacia LKB, Piscataway, NJ). PCR The detailed protocol for PCR-mediated DNA amplification was previously published by this group (Cortelli et al. [8] ). PCR products were separated in a 1.5% agarose gel (Sigma, Dorset, United Kingdom) by an electrophoresis performed at 4 V/cm in Tris-acetate-EDTA buffer (Promega). The DNA bands present in the gel were stained with 0.5 g/ml ethidium bromide (Amersham, Arlington Heights, IL) and photographed under 300-nm UV light illumination.
Statistical analysis. The association between bacterial occurrence and genders and smoking habits was analyzed within each age range using the chi-squared test. Results were determined to be statistically significant at P Ͻ 0.05. All tests were performed using statistical software (SPSS for Windows Release 12.0; SPSS Inc., Chicago, IL).
RESULTS
The prevalence of bacteria detected in the gingival sulcus, tongue, and cheek mucosa was analyzed for the subjects with teeth who were classified on the basis of their periodontal condition (Fig. 1 ). More specifically, subjects older than 2.5 years of age were grouped as follows: (i) healthy, (ii) EP1, (iii) EP2, (iv) CP1, (v) CP2, and (vi) CP3 (see the criteria for diagnosis described under "Clinical measurements and diagnosis" in Materials and Methods). Among the bacteria tested, C. rectus showed the highest prevalence (more than 80% in sulcus) throughout all subject groups. While the prevalence of C. rectus in the cheek mucosa was always slightly lower than that found in sulcus or tongue, at least 60% of subjects (healthy group) possessed C. rectus in the cheek mucosal surface. Therefore, C. rectus appeared to colonize ubiquitously in the oral cavity without preference to environmental oxygen represented by anaerobic (sulcus) or aerobic (tongue and cheek mucosa) atmosphere. P. gingivalis was prominently found in the subjects with periodontitis, while incidence of this bacterium in the healthy subjects was extremely low (2% in sulcus, 0% in tongue and cheek mucosa). Very interestingly, the incidence of P. gingivalis in the sulcus demonstrated an increasing trend, along with the severity of periodontitis in the subject groups (from EP1 to CP3). The prevalence of P. gingivalis in the tongue or cheek mucosa was always lower than that in the sulcus. Especially, P. gingivalis was not found in the cheek mucosa of EP1 and EP2 groups, whereas P. gingivalis was found at low prevalence (less than 16%) in the cheek mucosa of the CP1, CP2, and CP3 groups.
The prevalence of P. intermedia and T. forsythia showed similar profiles of bacterial recovery from all groups examined. These two bacteria were detected from patient groups as well as healthy groups. On average, the incidence of T. forsythia in the sulcus was slightly higher than that of P. intermedia for all groups examined. The incidences of P. intermedia and T. forsythia in the tongue and cheek mucosa were always lower than those in sulcus, and the cheek mucosa demonstrated the lowest prevalence. A. actinomycetemcomitans, a putative pathogen for localized aggressive periodontitis, was found in sulcus, tongue, and cheek mucosa in all healthy and patient groups at a lower frequency than that of the other four species of bacteria examined (less than 28% in sulcus). The prevalence of A. actinomycetemcomitans found in tongue and cheek mucosa was equal to, or lower than, its prevalence in sulcus. These data indicated that colonization by P. gingivalis is tightly associated with periodontitis and that the colonization by the other four bacteria can also be found in the healthy oral cavity. However, while these data do conform to the conventional format for etiological studies involving periodontal bacterial infection, they do not offer any clues which would concretely establish the time of onset of initial bacterial colonization. Therefore, to achieve the primary goal of this study, i.e., to examine an age-related group which corresponds to the detection of initial bacterial colonization, additional epidemiological analysis was conducted using these patient data with the addition of periodontally healthy groups (A, B, and G in Table 1 ).
Subjects recruited for this study were grouped on the basis of their age (Fig. 2) . In particular, two groups, 0 to 4 months old and elderly subjects (Ͼ55 years) without any teeth (tongue and cheek mucosa data only), were additionally included in the population shown in Fig. 1 . According to these statistics, the prevalence of C. rectus was still the highest among the bacteria examined in the present study, irrespective of the age groups. However, the prevalence of C. rectus in tongue and cheek mucosa was lower in the 0-to 4-month newborn group than in the rest of the groups (tongue: 0 to 4 months, 18%; Ͼ2.5 years, intergroup average, 78.3% Ϯ 9.4% [standard deviation]; cheek: 0 to 4 months, 21.5%; Ͼ2.5 years, intergroup average, 66.9% Ϯ 8.3% [standard deviation]), indicating that colonization by C. rectus starts in the oral cavity as early as 0 to 4 months. Very interestingly, in the edentulous elderly subjects (group G), the prevalence of C. rectus remained high (79% in tongue, 63% in cheek mucosa) compared to the other four species of bacteria, which showed a prevalence of less than 10% in both tongue and cheek mucosa, indicating that the presence of teeth (or sulcus) is not permissive for colonization by C. rectus.
The incidence of P. gingivalis in group C (Fig. 2) was sporadic (13 to 18 years old: sulcus, 9%; tongue, 0%; and cheek mucosa, 0%), while a prominent emergence of P. gingivalis was found in subjects older than 19 years (groups E and F). The prevalence of P. gingivalis in the edentulous elderly subjects (group G) was remarkably low compared to that in the same age group with teeth (group F), suggesting that colonization by P. gingivalis requires the presence of teeth (or sulcus).
A. actinomycetemcomitans was found sporadically at an incidence of less than 20% through all age groups (Fig. 2) . Although colonization by A. actinomycetemcomitans was found in younger age groups (groups A to D), it is unclear if such colonization at younger ages leads to localized aggressive periodontitis. Only a longitudinal cohort study will elucidate this question. It is noteworthy that none of the subjects in this study was diagnosed with localized aggressive periodontitis, in which A. actinomycetemcomitans is accepted as a major pathogen.
The initial colonization by P. intermedia appeared to occur from the ages of 6 to 12 years (Fig. 2) . While only sporadic colonization by T. forsythia was found in groups A and B (ages 0 to 4 months and 2.5 to 5 years, respectively), a major increase in T. forsythia colonization was detected in group C (6 to 12 years). The prevalence of P. intermedia and T. forsythia in the older age groups with teeth (13 to 18 years, 19 to 44 years, and Ͼ55 years) remains at a level similar to that in group C (6 to 12 years). However, the prevalence of these two bacteria, P. intermedia and T. forsythia, in group G (Ͼ55 years old without teeth) remarkably decreased in the tongue and cheek mucosa, indicating that teeth (or sulcus) is a permissive factor for colonization by P. intermedia and T. forsythia.
Smoking is known as a risk factor promoting the incidence of periodontitis. Therefore, we have further classified the subjects into smokers and nonsmokers (Table 2) . Especially, in the group of subjects 19 to 44 years old (E) and those subjects aged Ͼ55 years (F), nearly one-half of recruited subjects were identified as smokers. However, when the association between smoking and the presence of all bacteria was evaluated, there was no statistically significant difference observed in the sulcus, tongue, or cheek mucosa in either group E or group F (chisquared test; data not given). Therefore, smoking did not ap- Table 1 (aged Ͼ2.5 years, a total of 222 subjects who have teeth) were employed in this analysis. The presence of DNA specific to C. rectus (A), P. gingivalis (B), A. actinomycetemcomitans (C), P. intermedia (D), and T. forsythia (E) in the samples isolated from subgingival sulcus, the dorsum of the tongue, and cheek mucosa of each subject was determined by PCR, following the method described in Materials and Methods.
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FIG. 2. Prevalence of periodontal pathogens in gingival sulcus, tongue, and cheek mucosa of different subject groups classified on the basis of their age and presence of teeth. The subject groups A to G shown in Table 1 (aged Ͼ0 months, a total of 330 subjects with or without teeth) were employed in this analysis. The presence of DNA specific to C. rectus (A), P. gingivalis (B), A. actinomycetemcomitans (C), P. intermedia (D), and T. forsythia (E) in the samples isolated from subgingival sulcus, the dorsum of the tongue, and cheek mucosa of each subject was determined by PCR, following the method described in Materials and Methods. ND, not determined. 
DISCUSSION
Several studies have shown an association between the onset and progression of periodontal disease and the presence of periodontal pathogens in the periodontal sulcus of periodontally diseased patients in Brazil and many other countries, as well. Those pathogens found in Brazilian patients with periodontal diseases include A. actinomycetemcomitans, P. gingivalis, P. intermedia, T. forsythia, C. rectus, Eikenella corrodens, Treponema denticola, Streptococcus spp., and some others (3, 4, 6, 7, 8, 9, 24, 26, 32, 33, 34) . In particular, these previous studies focused on the prevalence of periodontal pathogens in diseased subjects representing four different stages of clinical treatment, as follows: (i) before periodontal treatment, (ii) after nonsurgical mechanical therapy (scaling and root planing), (iii) after antibiotic therapy, and (iv) after surgical treatment. However, none of the studies using a Brazilian population has yet addressed the question of when initial colonization by periodontal pathogens occurs in the oral cavity. For this reason, the present study utilized an epidemiological approach to specifically examine the prevalence of five types of periodontal pathogens in the oral cavities of subjects in diverse age groups ranging from newborns to elderly, with or without teeth.
Data from this study were analyzed and used to achieve the major aim of this report: to establish a link between particular age-related groups and the time when the initial colonization by periodontal pathogens might occur in the oral cavities of subjects. These subjects were randomly chosen from a geographic region in Brazil in order to include both healthy and periodontally diseased individuals in the study. The data in the present study demonstrated that (i) initial colonization by T. forsythia was found in tongue and cheek mucosa of newborns (0 to 4 months), and more than 60% of healthy subjects possessed T. forsythia in gingival sulcus at ages 6 to 12 years; (ii) initial colonization by C. rectus was found as early as ages 0 to 4 months and remained high through all ages, irrespective of the presence of teeth; (iii) initial colonization by P. intermedia in the oral cavity appeared to occur in periodontal sulcus during ages 6 to 12 years; (iv) initial colonization by P. gingivalis seemed to start during the ages of 19 to 44 years; and (v) the presence of teeth in the oral cavity is a permissive factor for colonization by P. intermedia, T. forsythia, and P. gingivalis.
Previous studies showed that the incidence of T. forsythia in the periodontal sulcus positively correlates with the clinical signs of periodontal disease and can be regarded as a risk indicator for attachment and bone loss (15, 16, 17) . According to the work of Tanner et al. (31) , the incidence of P. gingivalis and T. forsythia in subgingival and tongue samples is associated with early periodontitis compared to the samples isolated from healthy subjects. For the latter, Tanner et al. found that T. forsythia is present in the subgingival samples isolated from healthy subjects, which agrees with the findings of the present study. However, they did not detect T. forsythia in the tongues of healthy adults (aged 20 to 40 years), which is contrary to our finding that T. forsythia can be found in the tongue of healthy subjects at low incidence, about 11% (Fig. 1) . More importantly, the present study demonstrated that colonization by T. forsythia can be detected in the tongue as early as age 0 to 4 months, in individuals who obviously have no teeth (Fig. 2) . Therefore, our data indicate that T. forsythia is an opportunistic pathogen whose colonization of the oral cavity does not necessarily result in the onset of periodontal disease.
Additional findings revealed in the present study demonstrated the significance of the association between age-related groups and the prevalence of periodontal bacteria colonizing particular affected tissues. To illustrate, the initial colonization by C. rectus, P. gingivalis, A. actinomycetemcomitans, P. intermedia, and T. forsythia was first noted in all ages of dentate subjects, but it was also observed that the prevalence of each bacterium remained at high levels in subgingival plaque, tongue, and cheek mucosa of elderly subjects (Ͼ55 years). However, a major difference between C. rectus and the other bacteria, including P. gingivalis, A. actinomycetemcomitans, P. intermedia, and T. forsythia, was found with respect to their a Groups of subjects who have teeth are shown. Groups B to F correspond to the age-related groups shown in Table 1 . Newborn and edentulous elderly groups are not shown because of the lack of periodontal tissues.
b No significant difference in bacterial prevalence was detected between the smokers and nonsmokers in group E and group F. c Participants in group B were all diagnosed as periodontally healthy subjects because they showed no evidence of periodontal bone resorption (as evaluated by bite-wing X ray) and showed no clinical signs of periodontal inflammation upon visual examination. All participants in group C were also considered periodontally healthy based on the lack of periodontal bone resorption and a gingival index of less than 1.
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level of incidence in the elderly group without teeth. Specifically, the prevalence of P. gingivalis, A. actinomycetemcomitans, P. intermedia, and T. forsythia in the oral cavity (tongue and cheek) remarkably diminished in the edentulous elderly, whereas the prevalence of C. rectus in these edentulous elderly remained high. Considering the scarcity of data regarding the prevalence of periodontal pathogens in the edentulous elderly (30), we believe that the present study is the first to demonstrate that the presence of teeth appeared to be a permissive factor for colonization by species, such as T. forsythia, A. actinomycetemcomitans, P. gingivalis, and P. intermedia (Fig. 2,  group F versus group G) . On the other hand, while the presence of teeth appeared to be "permissive," it is not "requisite" for colonization by T. forsythia, A. actinomycetemcomitans, P. gingivalis, and P. intermedia because all these microorganisms were still present at a low prevalence in the dorsum of the tongue and in the cheek of newborn and edentulous elderly subjects. Therefore, our findings contradict the report by Danser et al. (11), who demonstrated that A. actinomycetemcomitans and P. gingivalis disappear from the oral cavity after the extraction of all teeth. Additionally, our data also disagree with the work of Könönen et al. (19) , who did not detect A. actinomycetemcomitans in 51 edentulous subjects (44 to 92 years; mean age, 74 years) who used complete dentures. However, in the present study, P. gingivalis was not detected in any subject under 12 years of age, and the first occurrence of this microorganism was observed at a very low incidence (6.67%) in subgingival plaque, but not in tongue or cheek samples, of adolescents (13 to 18 years). It is noteworthy that this finding contradicts the report by Lamell et al. (20) , who detected P. gingivalis DNA in the samples of tongue, buccal mucosa, or mesial sulcus of all teeth at rates of 36% (first examination) to 43% (second examination at recall after 1 to 3 years) between the ages of 0 and 18 years. They therefore concluded that P. gingivalis inhabits the oral cavities of child subjects of any age (0 to 18 years) and usually colonizes only transiently. It is conceivable that the difference between the present study and the report by Lamell et al. (20) in the ability to detect periodontal pathogens on mucosal surfaces may depend on the sensitivity of the method used for bacterial DNA detection. Nonetheless, there should be factors, other than the presence of teeth, which affect colonization by P. gingivalis or transitory habitation by P. gingivalis. Such factors may change the properties of P. gingivalis through the activation of a two-component system (13) , which would allow the bacterium to survive in the aerobic environment of tongue and cheek surfaces.
The diversity of bacterial composition in the plaque isolated from different sites of the oral cavity has been well documented. These sites include supra-and subgingival sulcus, tongue, cheek, and other areas of the oral cavity. For example, Aas et al. (1) , utilizing culture-independent molecular techniques, defined the bacterial diversity of the healthy human oral cavity. This study examined the bacterial composition in nine sites, including supra-and subgingival plaque, the lip vestibule, soft palate, hard palate, lateral side of the tongue, tongue dorsum, buccal epithelium, and tonsils. The results showed that some species, such as those of Gemella, Granilicatella, Streptococcus, and Veillonella, were common to all nine sites, whereas Rothia dentocariosa, Actinomyces spp., Streptococcus sanguis, Streptococcus gordonii, and Abiotrophia defectiva were detected only in supragingival plaque on the teeth. The results also demonstrated that, in general, Streptococcus salivarius was present on the tongue dorsum, indicating that certain strains of microorganisms detected in subgingival plaque could also be detected in other areas of the oral cavity.
The present study further addressed the question of whether microorganisms present in subgingival plaque could also be present in the cheek and dorsum of the tongue ( Fig. 1 and 2) . The subject population randomly recruited in this study showed a high prevalence of C. rectus through all age groups, as well as at the three sampling sites of periodontal sulcus, tongue, and cheek mucosa. Moreover, since the presence of C. rectus in the subgingival pocket appeared to be associated with its detection in the tongue and cheek, tongue sampling may offer a convenient, as well as efficient, means of detecting C. rectus in the oral cavity. Aside from C. rectus, the probability of simultaneous occurrence of the other bacteria used in this study in the subgingival plaque, tongue, and cheek was low (data not shown). Taken together, these findings suggested that sampling of microorganisms from different sites of the oral cavity is required to identify a particular microorganism in the oral cavity of human subjects.
While several studies have implicated the effects of smoking in the composition of the subgingival microbial flora (14, 18, 35, 36) , others failed to show any differences in the prevalences of periodontal pathogens for either smokers or nonsmokers (5, 12) . The present study found no correlation between smoking and the prevalence of the five tested bacteria. It is true that Shiloah et al. (27) showed that the prevalence of pathogenic bacteria in the periodontal sulcus of periodontitis-free individuals is related to their daily consumption of cigarettes and duration of cigarette smoking. However, it is not realistic to monitor the daily consumption of cigarettes by younger smokers, even if this factor may affect the early colonization by periodontal pathogens in the periodontal sulcus of those in the younger populations. Since it is known that environmental factors, such as nutrition and lifestyle, affect the onset and progression of periodontal disease, epidemiological studies, which involve more study arms of environmental factors in addition to smoking, will provide insight into the effect of smoking on colonization by periodontal pathogens.
To summarize, the prevalence of C. rectus, P. gingivalis, A. actinomycetemcomitans, P. intermedia, and T. forsythia demonstrated differences in their initial colonizations in both the types of tissues and temporal ranges for the diverse age groups examined in this study. C. rectus was found in subjects aged 0 to 4 months and remained at high levels in the oral cavity (tongue and cheek) of elderly subjects, irrespective of their possession of teeth. Initial colonization by P. intermedia and T. forsythia in subgingival sulcus was detected in a very young group (6 to 12 years), whereas P. gingivalis was first detected in a much older group (19 to 44 years). However, the prevalence of all three bacteria declined in the elderly individuals without teeth but not in elderly individuals with teeth. The prevalence of P. gingivalis, P. intermedia, and T. forsythia found in tongue and cheek mucosa was always lower than their prevalence detected in the subgingival sulcus. In conclusion, the findings related to the association between age-related groups and the time of initial colonization by the five major periodontal patho-gens may provide a potentially useful set of markers for the early detection of opportunistic pathogens during their benign state. This could then ultimately provide new insights into the mechanisms underlying pathogenic conversion of these opportunistic pathogens, resulting in the identification of targets for novel preventive and therapeutic approaches.
